SEWALL W RIGHT's active life spanned the development of genetics from a new discipline when the principles of inheritance were still being elucidated to the technology of recom binant gene construction and insertion. He was one of the major pioneers of population genetics, which gave a quantitative basis to the studies of evolution, of variation in natural populations and of animal and plant breeding. He contributed most significantly to methods and ideas over a long period, indeed his four volume treatise was written long after he formally 'retired' and his last paper (211) was published a few days before his death at the age of 98. In the field of population genetics Wright developed the method of path coefficients, which he used to analyse quantitative genetic variation and relationship, but which has been applied to subjects as diverse as economics, the ideas of inbreeding coefficient and /^-statistics which form the basis of analysis of population structure, the theory of variation in gene frequency among populations, and the shifting balance theory of evolution, which remains a topic of active research and controversy. Wright contributed to physiological genetics, notably analysis of the inheritance of coat colour in the guinea pig, and in particular the epistatic relationships among the genes involved. There was a critical interplay between his population and physiological work, in that the analysis of finite populations on the one hand and of epistatic interactions on the other are the bases of W right's development of the shifting balance theory.
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Biographical Memoirs engineer. Sewall was the eldest of three brothers, each of whom went on to a distinguished career: Quincy became a world renowned political scientist, specializing in foreign relations, and Ted (Theodore) was an outstanding athlete and an aeronautical engineer and executive. In comparisons with his parents and brothers, Sewall noted his relative lack of ease in social communication, his strongly independent personality, and his confidence in his own analysis and abilities; all characteristic of his later scientific work.
Wright could read, write and do arithmetic before he started school in Illinois when nearly eight. Indeed on his first day at school he was taken to the eighth grade class to demonstrate how to extract cube roots. He had also developed a great interest in natural history before attending school, and wrote a little pamphlet 'The wonders of nature' when seven and a half. He demonstrated an early interest in quantitative relationships, for example the relation between the weight and fulcrum of a balance. His interests in natural history, notably birds (whose sightings he logged), butterflies and moths were not particularly encouraged by his father but more so by his mother, and were shared with his brother, Quincy.
Wright quickly passed through grade school and entered Galesburg High School in 1902. He took mathematics and physics, which he enjoyed, but there were no courses in chemistry or zoology, and that in botany was entirely descriptive. His interests in and out of school were broad: he read a wide range of classical English literature and participated keenly in sport. During one summer he attended a field course on natural history at Knox College, and had read through Darwin's Origin of species before he graduated from high school in 1906. Sewall Wright was an undergraduate at Lombard College, where his father was one of Sewall's most effective teachers and from whom he took courses in mathematics and in surveying. Sewall Wright later felt he would have benefited from more formal mathematical training but that he did acquire 'some facility in translating questions into mathematical symbolism and solving as best I could' (Provine 1986, p.19) . As Provine points out, however, Wright was later interested solely in solving particular problems about the natural world, and frequently expressed his mathematical analyses in ways that were unusual and hard for others to follow. During his first three years at Lombard, Wright took no courses in biology but was following physical science without much enthusiasm.
He took a break from college, staying on after a summer job for a year as instrument man on a survey for a railroad from South Dakota to the Pacific. He enjoyed both the calculations of curves involved and the outdoor life of North Dakota; but he developed pleurisy and had to return home.
His final year at Lombard College, 1910-11, was influential. A new biology teacher, Wilhelmina Key, taught a course on recent research in theoretical biology which focused on evolution, genetics and cell biology and in which students had to prepare reports on books and original research papers, including an article by Punnett from EncyclopediaBritannica which introduced Mendelian principles. Key not only stimulated Wright's interests and broad reading, she also encouraged him to go to graduate school in biology.
Wright spent the summers of 1911 and 1912 at Cold Spring Harbor, attended courses on genetics by C.B. Davenport and G.H. Shull, and observed Shull's inbred lines of maize. He also met up with A.H. Sturtevant who introduced him to the work of T.H. Morgan's Drosophila group. Wright attended graduate school at the University of Illinois, Urbana, in the year 1911-12, took courses in zoology and wrote a thesis on the anatomy of opacus. More importantly, W.E. Castle, a Professor of Zoology at Harvard, visited Urbana that year and lectured on mammalian genetics and his selection experiments on hooded rats. This Wright found fascinating and asked to do research with Castle; in turn Castle was so impressed by Wright that he offered to take him as his assistant and graduate student.
The three years that Wright spent in the Bussey Institution (a research school in biology at Harvard) were important to his development and research career. Subsequently he was to work little with others. At the Bussey Institution, Castle and E.M. East were leaders in the development of the science of genetics and interacted strongly with each other (see Provine, 1986 , chapter 2 for discussion). Castle was investigating the genetics of mammals, particularly their coat colour, using artificial selection as a model for evolution, and attempting to explain the genetic changes underlying the responses. East had demonstrated multifactorial inheritance for traits of maize and did not accept Castle's view that selection modified the Mendelian units directly. Indeed, it was an experiment suggested by Wright, to backcross selected strains to wild rats, that led Castle (1919) finally to accept that the Mendelian factors did not change.
W right took no formal courses in genetics or in mathematics, but a wide range of biology including biochemistry. Through seminars and in assisting Castle in teaching his genetics course, however, Wright came to leam what was then known on genetics and what were the new developments. Castle (and Wright later in Chicago) used Drosophila melanogaster in his laboratory classes, but mammals for research; Wright was assigned to guinea pigs, even though little was then known of their genetics, and he was to continue to conduct experiments with them for the next 40 years. W right's doctoral work was primarily on inheritance of coat colour patterns in the guinea pig. He successfully elucidated the agouti series and eye pigment variants in the albino series. He also considered the biochemistry and physiology of pigment formation, was struck by the interaction of effects of different genes, and of variability in white spotting, unexplained by the alleles known. These led to his later work on physiological genetics, on the importance of gene interactions in the evolutionary process, and on quantitative genetics, respectively. By the time he graduated from Harvard, Wright had thus already embarked on studies on many of the problems that he was to follow throughout his long research career, and indeed he had already developed, but not published, the method of path coefficients. USDA 1915 USDA -1925 Following completion of his Ph.D. in 1915 Wright was appointed Senior Animal Husbandman at the USDA at Washington, with the particular remit to analyse extensive data that had been collected by G.M. Rommel on inbreeding in guinea pigs, although he also took his own stocks. In contrast to Harvard he was isolated from the mainstream of genetics, but attended meetings of the American Association for the Advancement of Science (AAAS) where he maintained contact and of the Society of Animal Production where he was exposed to animal breeding problems. Apart from his research on inbreeding and colour inheritance in guinea pigs, he also undertook a substantial amount of biometrical work and answered substantial correspondence on animal breeding. As Provine (1986, p. 111) notes, Wright formed the habit of answering every letter fully and technically, and reviewing manuscripts sent to him likewise, often after some delay. At the USDA and subsequently in his career, Wright exerted great influence and contributed much original insight through his correspondence. Wright was already thinking deeply about evolutionary problems, and by the time he finished at the USDA in 1925 had written a draft of Evolution in Mendelian populations, not published until 1931.
During a period of annual leave spent at Cold Spring Harbor in 1920, Wright met Louise Williams who had graduate training in biology and was an instructor at Smith College. They were married in 1921 and had two sons and a daughter. Sewall and Louise were to remain a very close couple until her death in 1975.
Path coefficients
Initial steps in his development of the method of path coefficients were taken by Wright while a graduate student, to describe general and specific size factors influencing bone size of rabbits using data collected by McDowell, for Wright found that an analysis in terms of partial correlation coefficients provided no understanding of causation. Following an analysis of data by Davenport on inheritance of stature in man, Wright published his first version of the method of path coefficients (20)*. He assumed there were several independent causes of length of a specific leg bone, such as general size, general leg length and hind leg length, and partitioned the variability among them, with unit sum.
Wright developed the method further and used it for important applications, one of which, the study of inbreeding, is discussed subsequently. A particular problem that concerned him was to attribute the genetic and non-genetic causes of variation in traits. The idea of the path diagram was also introduced by Wright, and no discussion of path coefficients would be complete without one. Figure 1 (from Wright (22)) shows how the genetic analysis was structured. Notable in this diagram is the path coefficient h due to heredity. Its square, defined as the 'degree of determination by heredity' is now known as the heritability. Thus Wright was able to attribute, for outbred guinea pigs, a variation of 0.271 units to heredity (h,2), 0.002 to tangible environment (e2) common to litter mates and 0.370 to undetermined factors such as development irregularities (d2). For inbred guinea pigs the contribution from heredity was only 0.010.
It is striking that Wright independently developed path coefficients for exactly the same purpose as Fisher (1918) developed the analysis of variance, the partition of genetic and environmental determinants of quantitative traits. Although the analysis of variance has had much wider use, and Wright's method has been found difficult by many, path coefficients have had continued application both by himself and others to genetics and other disciplines such as economics and psychology. Formal expositions were given by Wright in 1923 (37) and 1934 (84) and its applications in genetics were reviewed in his treatise. 
Inbreeding and relationship
At the USDA Wright had data on the many inbred lines of guinea pigs for analysis and, although there had been extensive work on inbreeding theory in the preceding few years, he realized that methods for computing how genotype frequencies would change under inbreeding were inadequate. Rather than employing laborious direct methods of computing them he defined/, the correlation of uniting gametes, as if the gametes had value as a quantitative trait. This quantity is the inbreeding coefficient, and is simply related to the genotype frequencies. Wright found it straightforward to compute h o w /c h a n g e d with different inbreeding systems, for example repeated full sibbing. These results were published in 1921 in one of his series of papers Systems of mating (27) (28) (29) (30) (31) , in which he also considered the effects of assortative mating, i.e. non-random mating on the basis of phenotype. W right's definition and analysis of inbreeding and of relationship are perhaps his most lasting technical developments. They were important in the development of the science of animal breeding and have remained so.
Wright used and developed his methods to analyse the structure of breeds of cattle, and was struck by the high levels of inbreeding and of relationship attained in influential herds. These observations, and those on diversity among his inbred lines of guinea pigs, were important influences on his subsequent development of the shifting balance theory.
The less opaque definition of the inbreeding coefficient (according to Malecot (1948) ) in terms of probability of identity of genes by descent is in many respects less general. Wright later extended his formulae for the analysis of population structure, both of natural and domestic populations, in terms of the F-statistics, where, for example, F ST defines the correlation of different members of a sub-population relative to the whole population, and Fls that of gametes of individuals relative to the sub-population (see, for example, Wright (140) for an exposition). These F-statistics were an important basis for his calculations of genetic structure of populations, and particularly of isolation by distance. Wright's definition also has a more natural application in the analysis of quantitative data on related individuals developed by Henderson as Best Linear Unbiased Prediction (BLUP). Wright was both productive and settled in Washington, but decided to take up an offer to move to the University of Chicago in January 1926, as Associate Professor in the Zoology Department in charge of genetics. He had to teach two courses for each of three quarters, but these were primarily to graduates (and the load was reduced in later years), and he could still develop his less applied research interests. Members of the Chicago Zoology Department were not, however, very receptive to genetics and he did not have much more regular contact with other geneticists than he had done at the USDA. He continued to maintain contact through journal editing and refereeing and his extensive correspondence, particularly on quantitative matters. Wright took his guinea pigs stocks from the USDA to Chicago and throughout his 30 years there (until retirement) he maintained guinea pigs and worked extensively on experimental physiological and other aspects of their genetics, and most of his graduate students worked with them. Among postdoctoral visitors to Wright's laboratory were Alan Robertson (later F.R.S.) (see this volume), but Wright never established any school in theoretical population genetics although this was his best known work. Nevertheless he was to have a great and continued influence on animal breeding theory, particularly through J.L. Lush, who pioneered the use of quantitative genetic principles in livestock improvement (see, for example, Lush 1937) and had frequent contact with Wright and acknowledged his input. Indeed Wright's standing in animal breeding circles was always high and never as controversial as in evolutionary circles.
U n i v e r s i t y o f C h i c a g o

Population genetics theory
Although Wright's single most important contribution to evolutionary thought was his shifting balance theory, it was essentially dependent on a multilocus epistatic model and so much of it did not lend itself to rigorous mathematical analysis. In the lead up to the theory and in its elaboration Wright made major advances in the theory of population genetics (mostly at the level of individual loci) particularly for finite populations. Some of these appeared first in his major 1931 paper Evolution in Mendelian populations (64), which was Wright's first statement of his thoughts on evolution, although the paper had been in draft for many years.
In his 1921 papers Wright had concluded that heterozygosity was lost at a rate of 1/2 per generation (where N is Wright's effective population size), yet Fisher (1922) obtained a rate of 1/4 N .When this was pointed out by Wright. Fisher subsequently found the err More critically, Fisher concluded that if selection and population sizes were sufficiently large then drift would be unimportant; a view not shared by Wright resulting in both private and public correspondence between them. Their differing views on the importance of small populations in evolution were maintained throughout Fisher's life, as were their differing views on the evolution of dominance. Wright had little faith in the power of weak selection alone, and believed that the underlying physiological processes led per se to dominance. In 1931 Wright produced, by remarkable but obscure mathematical insight, a general formula for the distribution of gene frequency in a finite population under the influences of selection, migration and recurrent mutation. These results were later to be formalized using the diffusion equation theory of Kolmogorov. One aspect of this formula is that each of these forces appears as a product with population size. There is therefore a fertile ground for argument because observations, hard to come by for are almost impossible for parameters such as selective value.
The shifting balance theory
The shifting balance theory was originally arrived at while Wright was with the USDA, where he was impressed by results of four experiments (reviewed in (201)). These were: Castle's selection experiments for extent of coat colour in hooded rats (showing the power of mass selection); the interactions he observed among coat colour and pattern genes in guinea pigs (showing the need to consider complex gene combinations); the great variation for many traits among inbred strains of guinea pig (showing the power of genetic sampling to create diversity); and the high levels of inbreeding and relationship to particular animals found in breeds of cattle (showing how a few members can subsequently greatly influence a population). The theory was first published in 1931 in Evolution in Mendelianpopulations (64), W right's completion of the main script being stimulated by the publication, in 1930, of Fisher's 'The genetical theory of natural selection'. A briefer exposition was given by Wright (70) at the 6th International Genetics Congress in 1932, including the following:
Summing up: I have attempted to form a judgement as to the conditions for evolution based on the statistical consequences of Mendelian heredity. The most general conclusion is that evolution depends on a certain balance among its factors. There must be gene mutation, but an excessive rate gives an array o f freaks, not evolution; there must be selection, but too severe a process destroys the field of variability, and thus the basis for further advance; prevalence o f local inbreeding within a species has extremely important evolutionary consequences, but too close inbreeding leads merely to extinction. A certain amount o f crossbreeding is favorable but not too much. In this dependence on balance the species is like a living organism. At all levels of organization life depends on the maintenance o f a certain balance among its factors. Wright's general view of the evolutionary process did not greatly change over the years. Much of his later work, leading up to the treatise, was intended to defend the theory and replace some of the verbal arguments by mathematical ones, particularly for multiple loci (for the shifting balance theory is essentially epistatic).
The influence of the theory, particularly its emphasis on finite population size in contrast to that given by Fisher or Haldane, whose The causes of evolution was published at about the same time (Haldane 1932), on the attitudes and experiments of biologists was great and is discussed extensively by Provine (1986) . It is sufficient here to pick up two threads: the work of Th. Dobzhansky on Drosophila and those of Lamotte and of Cain and Sheppard on Cepea.
The genetics of natural populations
Dobzhansky (1937) made substantial use of Wright's work and ideas in his text 'Genetics and the origin of species'. They collaborated in the series on 'Genetics of natural populations', which was designed to answer questions on evolutionary theory from field population data on Drosophilapseudobscura. In particular Dobzhansky wanted to estimate effective population sizes. There was extensive correspondence between them and Wright collaborated on five papers in the series in the 1930s and 40s, mainly providing the theoretical basis for interpretation of Dobzhansky's field data. Early on, Wright pointed out that lethal frequencies could not be used to estimate effective population size, but only its product with mutation rate, so Wright also influenced Dobzhansky's later experiments.
Although Wright helped many others through his correspondence and reworking of their data, his collaboration with Dobzhansky was by far the most extensive, but eventually Wright backed out through pressures of other work. Their interaction stimulated Wright to develop methods for analysing geographically structured data and quantify isolation by distance (114,121), because the shifting balance theory applies to a structured population. These theoretical developments were a starting point for that of many later workers on the topic of population structure.
The opposing views of Wright and Fisher were an important stimulus to later field population studies, notably with Cepaea, a land snail. Lamotte obtained data from which he concluded that genetic draft was the primary cause of differences between populations. These conclusions were then challenged by Cain and Sheppard who obtained gene frequency differences of shell pattern associated with environmental differences; evidence of selection. See Provine (1986) for a discussion of this lively 'great snail debate' during the 1950s.
Multi-locus theory
In the 1930s and later Wright analysed models of interactions among two or more loci, which were an assumption of the shifting balance theory. In particular he discussed the optimum model (86, 87) , in which fitness declines with squared distance from some optimum value of a trait. This has been the basis for much recent quantitative genetic analysis. The model was not entirely satisfactory for his needs, because it leads to loss rather than maintenance of variability.
Physiological genetics
Although Wright regarded himself, at Chicago, as primarily a physiological geneticist, and devoted a great part of his time and that of most of his students to its study in guinea pigs, this work has not (at least in this writer's opinion) had as much impact as his theoretical work on population and evolutionary genetics. The analyses were primarily devoted to the inheritance of coat colour and pattern and to the complex interactions among genes that lead to the phenotype (see, for example (117) for a review). Thus he could perceive a physiological basis for dominance which led him to reject Fisher's view that dominance of mutant genes evolved. The existence of interactions was fundamental to W right's shifting balance theory. We can only speculate whether, if Wright had used a more tractable organism and trait, he would have made greater advances to basic genetics and had different views of the evolutionary process.
One important concept to come from his work on guinea pigs was that of the threshold model of inheritance of traits with discrete expression. By selecting for extra digits he was able to change the incidence and explain the results with a polygenic model, and the analysis he undertook has been the basis for much subsequent work.
Wright spent a sabbatical year in Edinburgh in 1949-50 and taught a course to the group newly formed under Waddington to work on animal genetics. This course also led to a paper (142) which formed the basis of part of the treatise, and in particular gave an exposition of his calculation of effective number of genes.
Wright was not a good lecturer, however, and as in other places his classes diminished in size. As a speaker at conferences he would always want to talk far longer than the allotted time.
U n i v e r s i t y o f W i s c o n s i n , By the time Wright returned from Edinburgh retirement was approaching and he and his wife were no longer finding the academic life of the University nor the social life of that part of Chicago amenable. He was therefore delighted to take up an offer as Leon J. Cole Professor of Genetics at the University of Wisconsin at Madison in 1955, where he became Emeritus Professor in 1960. He initially did some teaching, but primarily devoted himself firstly to writing up his guinea pig studies and then to his four-volume treatise on evolutionary biology. Wright went to Madison at the normal retirement age, and remained active for over 30 years more. At Madison he had more contact with population geneticists, particularly J.F. Crow and his students, than at any other time in his career. Even so, his normal solitary working habits remained.
The treatise, Evolution and the genetics of populations, was originally planned to be in three volumes, but was extended to four (188, 193, 198, 200) . Although much that is in volume 1 (1969) on biometrical principles had been worked out long before, in volumes 3 and 4 a great deal of newly obtained material was included after digestion and if necessary reanalysis. The final volume of the treatise was published in 1978, but Wright had not finished. In particular he wrote further defences of the shifting balance theory, and contributed an important paper on its relations to speciation (205), a topic he had only occasionally touched on before because he regarded the theory as essentially dealing with evolution of a species.
It is important to note that, although Wright believed that genetic drift in small populations was an important prerequisite for effective selection, he believed the main evolutionary force was natural selection. He appreciated Kimura's (1968) neutral theory of molecular evolution, in which evolutionary rates were a function of fixation of mutations with no effect on fitness, but did not consider this important to adaptive evolution. Wright was not a neutralist.
Sewall and Louise Wright travelled widely together until her death in 1975, which left him very lonely. In his later years Wright's eyesight deteriorated, but eventually he obtained a TV based machine to alleviate this. He remained an active walker and was vigorous and generally healthy throughout his long life.
After a fall he died on 3 March 1988. He received many honours: among these was the National Medal of Science, Membership of the National Academy of Sciences of the USA and Foreign Membership of the Royal Societies of Edinburgh and of London. He also won the Royal Society of London's Darwin Medal. Yet he received honorary degrees from many universities. He remained a shy and modest man, about whom Crow (1988) tells an anecdote which summarizes his industry and independence:
While Wright was writing his four volume set of books he received a modest stipend from the National Science Foundation and during this time the Foundation offered to provide an inflationary adjustment to his pay. He was in his late 80s at the time. When [Crow] brought him this good news, he replied that according to his careful calculations, his productivity was declining at exactly the same rate as the value of the dollar, and that he didn't deserve any salary increase. He never accepted it. The complete bibliography appears on the accompanying microfiche. 
